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UNITED  STATES  hi  RING  THE  I  ILENDAR  FEAR  L920. 


I'.\  William  W.  Adams. 
INTRODUCTION 

The  production1  of  explosives  in  the  United  States  during  the 
calendar  year  L920  showed  a  marked  recover}  from  the  -lump  in 
1919.  As  reported  to  the  Bureau  of  Mines  h\  the  manufacturers! 
the  production  (excluding  exports)  was  537,954,750  pound.-,  an  in- 
crease of  120,320,280  pounds,  or  about  29  per  cent,  as  compared  with 
the  preceding  year.  Of  this  amount  '_'."> 4,s79,.x25  pounds,  or  17  per 
cent,  was  black  blasting  powder;  229,112,084  pound-,  or  13  per  cent, 
was  high  explosives  other  than  permissible  explosives;  and  53,962,841 
pounds,  or  10  per  cent,  was  permissible  explosives.  A-  compared 
with  the  year  1919,  there  was  an  increase  of  11  per  'cut  m  the  pro- 
duction of  black  powder,  l.")  per  cent  in  "high"  explosives,  and  39 
per  cent  in  explosives  classified  as  "  permissibli 

The  quantity  of  permissible  explosives  sold  in  L920  ha-  never 
before  been  equaled,  and  the  sales  of  black  powder  were,  with  one 
exception  (1917),  likewise  larger  than  for  any  previous  year.  The 
quantity  of  "high"  explosives  sold  in  L920,  while  considerably 
above  that  for  1919  and  191S,  was  still  below  normal. 

The  reports  show  that  practically  all  classes  of  consumers  used 
larger  quantities  of  explosives  in  1920  than  in  1919.  The  mining 
industry  consumed  75.1  per  cent  of  all  explosives  in  1920  as  com- 
pared with  75.3  per  cent  in  1919.  The  principal  increase  was  in  coal 
mining,  an  industry  that  ordinarily  consumes  over  80  per  cent  each 
of  all  black  powder  and  permissible  explosive's  and  about  15  per  cent 
of  high  explosives,  or  over  half  of  these  three  classes  combined. 

CLASSIFICATION  OF  EXPLOSIVES. 

The  figures  tabulated  herein  are  classified  as  follows: 

1.  Blaclc  blasting  powder. — All  black  powder  with  sodium  or  potas- 
sium nitrate  as  a  constituent  is  here  classified  as  black  blasting 
powder. 

2.  High  explosives.  -Dynamite  and  all  other  high  explosive-  of 
various  trade  names  and  compositions,  except  permissible  explosives, 
are  put  in  this  class. 

'  In  this  publication  the  production  of  explosives  means  the  total  sales  during  the  year  as  reported  by 
maaufacturers. 
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4  PRODUCTION    OF    EXPLOSIVE*    IX    THE    UNITED   STATES. 

3.  Permissible  explosives.  —In  this  class  are  included  ammonium 
nitrate  explosives,  hydrated  explosives,  organic  nitrate  explosives, 
and  certain  nitroglycerin  explosives  containing  an  excess  of  free 
water  or  carbon.  All  permissible  explosives  have  passed  certain 
tests  of  the  Bureau  of  Mines  and  are  not  to  be  regarded  as  permissible 
unless  used  in  the  manner  specified  by  the  bureau.1 
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The  author  acknowledges  the  assistance  rendered  by  Miss  L.  S 
Gerry  in  compiling  the  statistical  tables  herein  presented. 

SCOPE  OF  STATISTICS. 

The  data  for  1920  presented  in  this  publication  are  based  upon  the 
reports  of  sales  of  explosives  by  27  manufacturers.  Of  these  com- 
panies, 20  reported  sales  of  black  blasting  powder;  20  of  high  explo- 
sives; and  13  of  permissible  explosives.  Some  of  the  manufacturers 
operated  more  than  one  plant,  so  that  the  number  of  companies 
does  not  indicate  the  number  of  operating  plants.  Several  companies 
reported  their  plants  as  idle  during  the  year. 

Reports  of  manufacturers  of  ammunition  and  fireworks  are  not 
included  in  this  publication,  because  the  majority  of  such  companies 
purchase  their  explosives  from  the  manufacturers  whose  production 
has  been  included  in  the  tables  herein  presented.  Nor  does  this  pub- 
lication include  the  production  of  nitroglycerin,  except  in  so  far  as 
nitroglycerin  is  used  in  the  manufacture  of  other  explosives. 

PRODUCTION  AND  DISTRIBUTION  OF  EXPLOSIVES. 

Table  1  shows  the  quantity  of  each  class  of  explosives  used  in  each 
State  during  the  calendar  years  1919  and  1920.  A  comparison  of  the 
figures  for  the  two  years  discloses  the  fact  that  the  increase  in  the 
consumption  of  explosives  in  1920  was  not  confined  to  any  one  section 
or  group  of  States  but  was  well   distributed  throughout  the  country. 

1  Hall,  Clarence,  Snelling,  W.  O.,  and  Howell,  S.  P.,  Investigations  of  explosives  used  in  coal  mines 
with  a  chapter  on  the  natural  gas  used  at  Pittsburgh,  by  G.  A.  BurreJl,  and  an  introduction  by  C.  E.  Monroe: 
Bull.  15,  Bureau  of  Mines,  1912,197  pp.  Hall,  Clarence,  and  Howell,  S.  P.,  Tests  of  permissible  explosives: 
Bull.  66,  Bureau  of  Mines,  1913, 313  pp. 
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BLACK    BLASTING    POWDER. 

A  larger  quantity  of  black  blasting  powder  was  used  during  1920 
than  in  any  previous  year  for  which  figures  are  available,  except  the 
year  1917.  The  total  sales  were  10,195,193  kegs  (254,879,825  pounds), 
an  increase  of  2,974,751  kegs,  or  41  per  cent,  over  1919,  but  889,548 
kegs  below  the  amount  sold  in  1917. 
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Of  the  total  production  in  1920,  8,790,505  kegs  (86.2  per  cent) 
was  used  at  coal  mines;  347/223  kegs  (3.4  per  cent)  at  other  mines; 
196.172  kegs  (1.9  per  cent)  for  railway  and  other  construction  work; 
and  S61.293  kegs  (S.5  per  cent)  for  miscellaneous  purposes. 

As  compared  with  1919,  the  amount  of  black  powder  used  for  coal 
mining  showed  an  increase  of  approximately  2,600,000  kegs,  or  about 
43  per  cent.  The  consumption  at  coal  mines  was,  in  fact,  with  one 
exception  (1917),  larger  than  for  any  preceding  year.  Other  mining 
showed  an  increase  of  95,089  kegs  (38  per  cent)  as  compared  with 
1919,  and  the  consumption  was,  as  at  coal  mines,  larger  than  that  for 
any  other  year  except  1917.  A  low  level  was  reached  in  the  amount 
of  black  powder  used  for  railway  and  other  construction  work,  the 
consumption  being  196,172  kegs,  or  8,025  kegs  below  the  figure  for 
1919,  and  less  than  one-third  as  much  as  the  sales  reported  for  1913. 
A  high  mark  was  reached  in  the  amount  of  black  powder  used  for 
miscellaneous  purposes,  the  total  sales  reported  being  861,293  kegs, 
an  increase  of  236,787  kegs,  or  38  per  cent,  more  than  in  1919. 
(Tables  2,  11,  and  12.) 

HIGH   EXPLOSIVES. 

The  total  quantity  of  high  explosives  (other  than  permissible^) 
used  for  all  purposes  in  1920  was  229,112,084  pounds,  an  increase  of 
more  than  30,000,000  pounds,  or  about  15  per  cent,  over  the  previ- 
ous year.  The  production  was  also  considerably  above  that  for  1918 
and  1914,  but  was  much  below  that  for  other  years.  Of  the  entire 
production  in  1920,  37,273,255  pounds,  or  16.3  per  cent,  was  used 
at  coal  mines,  while  other  kinds  of  mining  consumed  89,132,316 
pounds,  or  38.9  per  cent  of  the  total.  Railway  and  other  construc- 
tion work  used  15,052,608  pounds,  representing  6.6  per  cent  of 
the  entire  production,  and  miscellaneous  purposes  consumed  over 
87,000,000  pounds,  or  38.2  per  cent. 

As  compared  with  1919,  there  was  an  increase  of  7,656,872  pounds 
of  high  explosives  used  at  coal  mines,  a  decrease  of  622,472  pounds 
for  other  mining,  an  increase  of  2,292,985  pounds  for  railway  and 
other  construction  work,  and  an  increase  of  21,516,111  pounds  for 
miscellaneous  purposes. 

The  consumption  of  high  explosives  at  coal  mines  in  1920  exceeded 
that  for  any  previous  year.  Miscellaneous  purposes  used  a  larger 
quantity  than  for  any  year  since  1913.  The  amount  used  at  mines 
other  than  coal  mines  was  practically  the  same  as  in  1919  and  1912, 
but  much  below  the  four  years  1915  to  1918,  inclusive.  Railroad  and 
other  construction  work  used  a  larger  quantity  of  high  explosives  in 
1920  than  in  either  1919  or  1918,  but.  less  than  in  1917  and  years 
prior  thereto.     (Tables  3,  11,  and  12.) 
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PERMISSIBLE    BXPLOSH  I 

Sales  of  permissible  explosives  in  1920  reached  a  record-breaking 
figure.  The  quantity  reported  was  53,962,841  pounds,  an  increase  of 
more  than  15,000,000  pounds,  or  39  per  cent,  as  compared  with  nil'.), 

and  nearly  double  the  sales  reported  for  1915. 

Of  the  total  Bales  <>f  permissiblea  in  1920,  the  mining  industry  con- 
Bumed  90.7  percent,  as  compared  with  90.9  per  cent  in  L919.  Coal 
tnining  consumed  15,222,130  pounds  (83.8  per  cent)  while  other  ruining 
used  3,75j0,585  pounds  (6.9  per  cent).  Railroad  and  other  construc- 
tion work  used  only  266,505  pounds,  or  one-half  of  i  per  cent.  Miscel- 
laneous purposes  \\>i^\  4,723,621   pound-,  or  8.8  per  cent  of  the  total. 

The  quantity  of  permissiblea  used  in  coal  mining  was  more  than 
double  the  quantity  used  in  any  year  prior  to  Mini.  The  increase 
over  101*)  was  more  than  12,000,000  pounds,  or  3X  per  cent.  Other 
mining  showed  an  increase  of  1,2.Y_\  153  pounds,  or  about  50  per  cent, 
as  compared  with  1919,  but  the  amount  used  was  still  much  less  thai] 
for  earlier  years.  The  quantity  of  permissiblea  used  for  railway  and 
other  construction  work  has  always  been  relatively  insignificant,  but 
the  >ale>  reported  for  1920  (206,505  pounds)  were  83,152  pounds 
above  those  for  1919  and,  at  the  same  time,  larger  than  for  any  other 
year  since  1914.  The  increase  in  consumption  of  permissibles  for  all 
other  purposes  was  1,390,470,  as  compared  with  1919.  The  total 
quantity  so  used  (4,723,621  pounds)  was  also  larger  than  for  any 
previous  year.     (Tables  4,  11,  and  12.) 
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EXPLOSIVES  IN  COAL  MINING. 

The  mining  industrj  la  bj  far  ilif  Largest  consumer  of  explosives  in 
t lu*  United  States.  The  quantity  thus  used  is  generally  aboul  7~> 
per  cent  of  the  total  production  of  all  classes  of  explosives. 

(«>:il  mining  normally  consumes  between  80  and  85  per  cenl  of  all 
black  powder  and  permissible  explosives  used  in  this  country,  and 

between  8  and    Hi  per  cent   of  other  high  explosives.      Other  mining 

and  quarrying  operations  (excluding  coal  mines  and  oil  and  gas  wells) 
consume  from  10  to  50  per  cent  of  all  high  explosives  other  than  per- 
missibles, t>  to  17  per  cent  of  permissible  explosives,  and  3  to  l  per  cent 

of  black  powder.  It  will  thus  be  seen  thai  most  of  the  explosives  used 
in  mining  operations  are  used  at  coal  mines.      (Tables  11  and  L2.) 

It  is  interesting  to  note  the  relative  increase  or  decrease  in  the 
consumption  of  each  of  these  three  classes  of  explosives  at  coal  mines 
in  connection  with  the  production  of  any  given  quantity  of  coal. 
Comparative  figures  since  1912  are  given  in  Table  5.  They  show  a 
most  gratifying  increase  in  the  use  of  permissibles.  it  may  be  noted 
that  for  every  thousand  tons  of  coal  produced  tin'  relative  amount 
of  permissibles  used,  as  compared  with  other  explosives,  has  more 
than  doubled  since  1912;  black  powder  has  remained  practically 
stationary  or  slightly  decreased,  while  high  explosives  have  in- 
creased about  50  per  cent. 

Tables  5,  6  and  7  show,  for  the  different  coal  fields  and  regions,  the 
annual  production  of  coal  and  the  corresponding  quantities  of  each 
class  of  explosives  sold  for  use  in  coal-mining  operations.  It  will  be 
noted  that  in  1902  only  11,300  pounds  of  short-flame  or  "safety" 
explosives  were  used  in  coal  mining,  whereas  in  1920  the  quantity  of 
permissible  explosives  so  used  was  45,222,130  pounds.  In  a  parallel 
column  is  also  shown  the  annual  production  of  coal  in  the  United 
States. 

The  quantity  of  permissible  explosives  used  in  the  United  States 
is  larger  than  that  of  the  corresponding  explosives  used  in  a  number 
of  foreign  countries.  In  1912  it  represented  about  5  per  cent  of  the 
total  quantity  of  explosives  produced  in  this  country,  and  in  1920 
it  wras  10.03  per  cent.  The  total  amount  of  explosives  used  for  the 
production  of  coal  in  1920  was  302,258,010  pounds,  of  which  15 
per  cent  was  of  the  permissible  class.      (Tables  4,  5,  6,  7,  11,  and  12.) 
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Ta  blk  5. —  Yearly  sah  s  <>/ explosives  to  coal  mines  compared  vnth  yearly  production,  of  coal. 


Production 

of  coal 
(short  tons). 

Pounds  of  explosives  s 
mines. 

old  to  coal 

Pounds  of  explosives  used  per 
of  coal  mined. <j 

1,000  tons 

Year. 

Permissible 
explosives. 

High  ex- 
plosives. 

Black 
powder. 

Permis-  i  tt  :„,,„„ 
siblo  ex-    K  ex- 
plosives, j  Pelves. 

Black 
powder. 

Total. 

1901 

293, 299, 816 
301,990,434 

357,356,416 
351,816,398 

i    "J.',  (135 
414,  157,  278 
:!.  121 
41".,  s42,69S 
460,814,616 
501, 596, 378 
496, 371, 126 
534,  466, 580 
570, 04  \  125 
513,  525,  477 
531, 619, 487 
590, 098, 175 
651,402,374 
678,211,904 
b  546, 155, 000 
b  645, 663, 000 

190S 

11,300 

288,661 

608, 270 

1,031,300 

| 

1903 

1904 

1905 

1906 

1907 

2, 095, 244 
2.  108,610 

\  942,  857 
11, 820,  836 
1.,  12\239 
18, 150, 618 
21,804,285 
19, 593,  892 
21, 841, 659 
26, 566, 521 
32, 910,  397 
37,262,915 
32,  840,  196 
45, 222, 130 

1908 

1909 

1910 

1911 

27 
34 
38 
38 
41 
45 
51 
55 
60 
70 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

20,903,4:30 
24, 143, 133 
24, 215, 945 
22,384,025 
20,901,405 
28, 262, 807 
31,368,073 
29, 616, 383 
37, 273, 255 

187,091,000 

184, 917, 075 
176, 812, 650 
167, 513, 950 
176, 976, 025 
235,  750, 300 
216,221,550 
153, 490, 125 
219, 762, 625 

39 
42 
47 
42 
35 
43 
46 
54 
58 

350 
325 
345 
315 
300 
362 
319 
281 
340 

423 

405 
430 
398 
380 
456 
420 
395 
468 

a  The  figures  show  the  relation  which  the  consumption  of  each  class  of  explosives  bears  to  the  total 
quantity  of  explosives  used  in  the  production  of  coal.  Except  in  the  last  column  they  do  not  indicate  the 
quantity  of  coal  broken  down  by  any  given  quantity  of  explosives. 

6  Estimated. 
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MINE  FATALITIES  DUE  TO  EXPLOSIVES. 

A.Ccident-8  in  the  mining  indllSi  Py  due  to  the  use  of  explosives  during 
the  past  nine  years  have  caused  from  I  to  9  per  "••in  of  .ill  fatalities 
at  coal  mines,  !>  to   I  I   pel'  cent  al   inelal  mines,  ami   L3  to  26  per  cent 

at  quarries.  Considered  in  relation  to  the  number  of  men  employed, 
there  has  been  a  genera]  decline  in  the  number  of  such  fatalities, 
although  the  rate  has  fluctuated  from  year  to  year,  as  shown  by 

Table  8.  Fatalities  at  coal  mines  since  1911  are  shown  in  Table  9. 
The  figures  presented  in  the  table  show    that   from  .'17  to  til    per  cent 

of  the  fatalities  occurred  at  the  anthracite  mine-  in  Pennsylvania. 
In  1010  the  figure  for  anthracite  mines  was  abnormally  high  (140, 
or  72  per  cent)  due  to  a  powder  explosion  in  Baltimore  Tunnel  No. 
2,  at  Wilkes-Barre,  on  June  5,  which  caused  the  death  of  92  men. 

Table  10  shows  the  causes  of  fatalities  due  to  explosives  in  the 
mining  industry  in  1010.  Exclusive  of  the  powder  explosion  at  the 
Baltimore  Tunnel,  4G  per  cent  of  the  accidents  were  caused  by  pre- 
mature shots. 

Tablk  S. — Fatalities  due  to  >  cplosives  at  mines  and  quarries,  and  fatality  rates  per  1,000 
nit  n  employed  (300-day  workers). 


Bituminous  coal 
mines. 

Anthracite  and 
bituminous  mine-. 

Metal  mines. 

Quarries. 

Killed. 

Per 
cent. 

Rate. 

Killed. 

Per 
cent. 

Kate. 

™]  cJS. 

Rate. 

Killed. 

Per 

cent. 

Rate. 

1901 

1902 

1903 

138 

121 
119 
115 
134 
109 
122 
113 
72 
70 
63 
56 
76 
60 
55 
85 
57 
78 

9.  -n 
8.64 
7.  19 
7.27 
."..  29 
0.  17 
.",.  -s 

5.09 

3.68 
3.85 
2.91 

3.01 
4.52 
3.59 
2.60 
4.  19 
3.39 
4.40 

1904 

1905 

1906 

1907 

1908 

1909 

1910 

1911 

.  184 

.171 
.  142 

.  147 
.202 
.  139 
.  112 
.166 

160 
147 
138 
146 
155 
146 
Hi) 
135 
206 
127 

0.02 
6.08 
4.96 
5.95 
6.83 
6.56 
4.0* 
:,.  23 
V  v.) 
5.62 

.  299 

.271 
.232 
.277 
.3(13 
.  258 
.  173 
.206 

7s 
94 
89 
60 
7- 
99 
79 
89 

is 

1 1 .  22 
14.  22 

10.73 
14.  10 

12.  77 
'.).  27 

13.78 
10.26 

.  500 
.  581 

.  is:, 

.  121 
.549 
.462 
.411 
.492 
.352 

.50 
47 
44 
35 
28 
28 
21 
17 
24 

26.60 
22.  06 

24.04 
19.44 
18.92 
If.  is 
16.03 
13.60 
19.  51 

.  592 

1912 

.501 

1913 

.505 

1914 

..".l;; 

1915 

.  339 

1916 

.366 

1917 

.294 

1918 

.  -'*j'> 

1919 

.  376 

1920 

Table  9. —  Coal-mine  fatalities  underground  due  to  explosives,  1911-1920. 


States. 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

88 
6 
3 

15 
3 

15 

6 
4 
3 

77 
8 
8 

11 
5 
3 

6 

14 
1 

10 
2 
1 

1 

75 
4 
8 

11 
6 
5 

2 
6 
7 
2 
4 
5 

3 

90 

7 
5 
9 
2 

12 

2 
4 

4 

4 
4 

3 

79 
9 
6 

11 
3 

12 

10 
13 

4 
3 
5 

86 
10 
3 
6 
5 
10 

3 
9 
4 
3 
2 
1 

4 

55 
6 
6 
9 
4 

14 

3 

2 
3 
2 
2 
4 

• 

50 
6 

14 

12 
8 

20 

.". 
7 
3 

5 
1 
4 

a  149 
17 
6 
2 
10 
11 

3 
2 
1 

2 
2 

1 

49 

22 

West  Virginia 

12 

Illinois 

9 

Ohio 

9 

Indiana,  Michigan,  and  Kentucky 

Alabama,  Tennessee,  Georgia,  and  North 
Carolina 

9 
6 

3 

Colorado.  New  Mexico,  and  Utah 

4 

Montana,  North  Dakota,  and  Wyoming. 

Arkansas,  Oklahoma,  and  Texas 

Alaska,  California,  Idaho,  Nevada,  Ore- 

4 
11 

2 

1 
3 

160 

147 

138 

146 

155 

146 

110 

135 

206 

127 

a  Of  this  number,  92  men  were  killed  in  the  powder  explosion  in  Baltimore  Tunnel  No.  2,  Wilkes-Barre, 
Pa.,  on  June  5,  1919. 
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Table  10. — Fatal  accidents  due  to  er  plosives  in  the  mineral  industry.  1919. 


« 

« 

o 

fl 

J! 

c 

o 
— 
■o 

o 

■J 

o 

IS 

3 
O 

o 

+2 

OS  • 

W  3 

3 

Is 

c. 

X 

a 

os 

u 
H 

6£ 

c 
"a 

o 

d 

a 

I 

3 
CO 

o 

3 

a 

s  o 

—  A! 
I 

s 
% 

03 

.3 

H 

03 

e 
o 

to 
•O 

c. 

OS 

O 

? 

o 

a 

3 

0 

0 

o 

8 

C 

3 

« 

J3 
o 
3 

s 

«> 
u 
PL, 

8 

6s 

i-   O 

JS  E 

a 
w 

03 

3 

_c3 
"S 

Q 
? 

03  O 

o 

(0 

3 
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S3 
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4 

"3 
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3 

? 

24 

Coal  mines  (underground) 

97 

14 

3 

s 

3 

5 

56 

7 

? 

6 

to 

206 

? 

3 

S 

1 

a  11 

1 

a  1 

Total 

97 

17 

5 

2 

5 

3 

11 

69 

7 

4 

6 

16     '*•' 

a  From  selected  returns  only.    Details  as  to  subdivisions  not  available  for  all  metal  mines.    See  Table  9. 

Table  li. — Percentage  of  explosives  used/or  various  purposes  in  the  United  States  during 

the  years  1915  to  1920. 


Coal 
mining. 

Other 
mining. 

Railway 
and  other 
construc- 
tion work. 

All  other 
purposes. 

Total. 

1920. 

Per  cent. 
86.2 
16.3 
83.8 

Per  cent. 

3.4 

38.9 

6.9 

Per  cent. 

1.9 

6.6 

.5 

Per  cent. 

8.5 

38.2 

8.8 

Per  cent. 
100  00 

100  00 

100.00 

Total 

56.2 

18.9 

3.7 

21.2 

100  00 

1919. 

85.0 
14.9 

84.5 

3.5 
45.3 
6.4 

2.8 
6.4 
.5 

8.7 
33.4 
8.6 

100  00 

100  00 

100.00 

Total 

51.7 

23.6 

4.3 

20.4 

100.00 

1918. 
Black  blasting  powder 

87.7 
15.2 
80.9 

3.0 

49.6 

9.9 

2.2 

5.8 

.4 

7.1 
29.4 
8.8 

100.00 

100.00 

100.00 

Total 

57.1 

22.9 

3.5 

16.5 

100.00 

1917. 
Black  blasting  powder 

85.1 
10.8 
76.5 

3.4 
50.4 
14.2 

4.7 

7.8 

.2 

6.8 

31.0 

9.1 

100.00 

100.00 

Permissible  explosives 

100.00 

Total 

51.0 

25.4 

5.7 

17.9 

100.00 

1916. 
Black  blasting  powder 

82.1 
8.2 
76.6 

3.6 
51.6 

17.9 

5.0 

8.6 

.3 

9.3 

31.6 

5.2 

100.00 

100.00 

100.00 

Total 

44.4 

28.8 

6.5 

20.3 

100.00 

1915. 
Black  blasting  powder 

84.8 
9.5 
79.9 

3.4 
46.3 
17.1 

3.6 

9.4 

.5 

8.2 

34.9 

2.5 

100.00 

High  explosives 

100.00 

100.00 

Total 

45.9 

26.1 

6.4 

21.5 

100.00 

PRODUCTION    OF    EXPLOSIVES    IX    THE    UNITED    STATES. 
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PRODUCTION    OF    EXPLOSIVES   IN    THE    I   Mill'   STATES. 

vi   IBS 


10 


o  o 


o>  o 


360 
250 

330 

210 
200 

m 

i- 

170 
150 

130 

en 

~      ini 

e- 

fe      100 

o 

£     si) 
►j 

tj      70 

60 
50 
40 
30 
20 
10 
0 


/                  \ 

/ 

-\                                       ^                                 \ 

**  ^         \                        \   i     X                                        \ 

S         *3  ^                         \ 

^     -<0y^                                    \ 

\S\                                         \                       / 

\                       J 

\                     / 

\                 J 

-^       / 

~ 

.uinu  ryp/ nc?i\/cro 

n/Un   LArLUO/vtO 

. 

^Y-          ^ 

-«6X               \ 

^z                  \ 

i     wa            ^ 

M                          \ 

$X-                      N- 

^%-                  s^ 

v          QV/                                                       < 

■**  ^  *—    /v  ftoLt,(ion&ouS  -n                                   * 

"    v            -/ 

X                             T 

N-     -=r 

-J?->  *. 

4h^>j^ 

rh<  ^'Wo^r    ...-•--         " 

iVHY     !H=*'~i.__j-__5?G-'          /^^, 

005A                ■  ™      'iSria^pUJL 

X 

w  /> 

5?A» 

C  <?/£>/  £     FVDI  iOC/l/i^C 

50    '   ^ 

OoidLL   LArLUo/vto           / 

L                  _                     ^..-^            ^ZL 

^•*'            ,       ^'  ,.'i 

ti#2 

— 

\ 

r 

l"<7 *!"                    ..--' 

E-* 

..  .'*" 

r?n 

9/"7 

1      °i 

rn 

i0    c 

//7//7«-9          /-  Miscellaneous  ■ 

o 

rrtrn: 

o> 

OB              Oft              o*              o*              o»              o»              S 

YEARS 
Fig.  2.  Consumption  of  high  explosives  and  permissible  explosives,  1912-1920 
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Fig.  3.  Production  of  coal  and  consumption  of  explosives  at  coal  mines,  by  geographic  areas,  1917-1920. 
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AMMONIUM  NITRATE  IN  PERMISSIBLE  EXPLOSIVES. 

At  (ho  close  of  the  calendar  year  L920  the  bureau  received  Bpecial 
reports  from  all  manufacturers  of  permissible  explosives  showing  the 
quantity  of  each  brand  of  permissible  sold  during  the  year.  A 
study  of  these  reports  by  S.  I'.  Howell,  explosives  engineer  of  the 
Bureau  of  Mines,  shows  that  '.to  per  <«-i  1 1  of  all  permissible  explosives 
sold  during  1920  belonged  to  the  ammonium  nitrate  class  <'!:i—  I  A  . 
The  total  quantity  of  commercial  ammonium  nitrate  used  in 
permissible  explosives  during  L920  aggregated  31,831,000  pounds. 

MONTHLY  SALES  OF  EXPLOSIVES. 

Table  13  shows  the  monthly  fluctuations  in  the  Bales  of  explosives 
during  the  past  year;  it  is  based  on  monthly  reports  by  manufac- 
turers who  an-  members  of  the  [nstitute  of  Makers  of  Explosives. 
Most  of  the  manufacturing  companies  arc  members  of  the  institute, 

and  their  sales  during  1920  represented  more  than  90  per  cent  of  all 
sales  of  black  blasting  powder,  '.)_'  pei-  cenl  of  high  explosives  (other 
than  permissibles) ,  and  over  99  per  cent  of  permissihlc  explosives. 
Reports  from  nonmembers  are  received  by  the  bureau  in  the  form 
of  an  annual  summary,  hence  it  was  not  possible  to  segregate  on  a 
monthly  basis  the  data  for  those  companies. 

The  standard  chosen  for  purposes  of  comparison  was  the  average 
monthly  sales  during  the  year,  and  this  quantity  was  rated  at  100. 
The  sales  for  each  month  were  then  calculated  as  a  certain  percentage 
of  this  standard. 

An  examination  of  the  table  will  show  that  April  wras  the  month 
of  lowest  sales  of  black  powder  and  permissible  explosives,  as  it  was 
also  the  month  of  smallest  production  of  bituminous  coal,  in  which 
branch  of  mining  these  two  classes  of  explosives  are  so  largely  used. 
Sales  of  permissibles  and  black  powder  were,  however,  reasonably 
steady  throughout  the  year.  Sales  of  ''high"  explosives  in  January 
were  considerably  below  the  average  for  the  year,  but  in  February 
a  substantial  increase  occurred  and  continued  with  a  fair  degree  of 
steadiness  until  the  close  of  September,  after  which  there  was  a  rapid 
decline  to  the  close  of  the  year,  the  lowest  quantity  sold  being  recorded 
for  December. 

Sales  reached  their  highest  mark  in  June  in  the  case  of  black 
powder,  and  in  September  for  permissible  explosives,  whereas  the 
bituminous  coal  industry  showed  the  largest  production  of  coal  in 
October. 
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Table  13. — Monthly  fluctuations  in  sale*  of  explosives  and  in  production  of  coal^  1920. 
[Average  monthly  quantities  =100  per  cent.] 


Month. 


Black  blast 

ing  powder. 


January 

February 

March 107. 6 

April 74.6 

May 

June 114.7 

July 109.2 

August tos.s 

September 92. 6 

October 108.4 

November 91.3 

December 89. 1 


••High-' 

Permissible 

Bitumi- 

Anthracite. 
102.2 

explosives. 

explosives. 

nous  coal. 

87. '.» 

99.9 

L05.0 

103.1 

B7.  1 

86. 5 

87.9 

126.  7 

98.  1 

100.9 

id.-).  8 

107.0 

81.8 

83.8 

108.  8 

1)1.7 

85.7 

107.2 

107.5 

98.  s 

91.4 

110.0 

93.  7 

L03.5 

98. '-' 

111.3 

120.6 

L13.3 

104.3 

108.1 

10.5.  1 

116.6 

mi;,  i 

i  62.  6 

94.5 

]  I.",.  1 

113.5 

108.7 

71.4 

94.  3 

110.  0 

100.4 

7(1.7 

96.2 

113.7 

112.1 

Total  coal. 


Mi.  7 
101.  C, 
82.  1 
88.7 
96.  5 

100.  0 

lot.  8 
100.1 
112.8 
108.7 
113.5 


A  >trike  in  the  anthracite  field  restricted  output. 
EXPORTS  OF  EXPLOSIVES,   1913-1920. 

Table  14  shows  the  amount  and  value  of  explosives  exported 
from  the  United  States  during  the  years  1913  to  1920,  inclusive. 
The  tabulations  of  exports  unfortunately  do  not  segregate  such 
explosives  as  picric  acid,  nitroglycerin,  trinitrotoluene,  and  others. 
These  are  grouped  in  the  column  headed  "All  other." 

Table  15  shows  the  amount  and  value  of  explosives  exported  from 
the  United  States  during  1920  and  the  countries  to  which  the  ship- 
ments were  made.  The  largest  shipments  of  the  year  were  those 
of  loaded  shells  and  projectiles  to  Russia  in  Europe  during  January 
and  of  gunpowder  to  France  during  October. 
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PERMISSIBLE  EXPLOSIVES  TESTED  PRIOR  TO  JUNE   1,  1921. 
By  Spencer  P.  Howell. 

( ;  E  N  EH  AI.    STATEMENT. 

In  the  table  following  are  the  brand  names  of  all  explosives  now 
considered  as  permissible  explosives  that  were  tested  by  the  Bureau 
of  Mines  prior  to  June  1,  1921. 

Further  information  on  permissible  explosives  may  be  found  in 
other  Bureau  of  Mines  publications.1  The  precautions  to  be  observed 
in  the  handling,  storage,  and  use  of  permissible  explosives  are  found 
in  Miner's  Circular  6.  The  conditions  to  be  fulfilled  by  applicants 
desiring  explosives  tested  to  deterniine  their  permissibility  for  use 
in  coal  mines  are  stated  in  Schedule  1— A.  A  description  of  the  tests 
made,  the  apparatus  used  for  such  tests,  and  detailed  results  of  tests 
of  100  permissible  explosives  are  given  in  Bulletins  15  and  66.  The 
storage,  handling,  and  use  of  permissible  explosives  are  discussed  in 
Bulletins  10  and  17  and  Miner's  Circular  7,  and  the  methods  used 
by  the  bureau  in  the  analysis  of  permissible  explosives  and  the  tol- 
erances for  permissible  explosives  as  promulgated  by  the  Bureau  of 
Mines  on  July  1,  1915,  are  detailed  in  Bulletin  96,  and  on  November 
15.  1920,  and  February  26,  1921,  and  effective  from  those  dates  the 
Director  of  the  Bureau  of  Mines  promulgated  certain  changes  in  the 
rules  and  regulations  governing  the  testing  of  permissible  explosives, 
as  recommended  by  the  bureau's  committee  on  permissible  explosives. 
The  tolerances  as  now  existing  are  given  on  pages  39,  40,  and  41. 
These  rules  also  provide  for  the  transferring  of  permissible  explosives 
from  the  active  (published)  list  to  the  inactive  (not  published)  list. 
Explosives  will  be  placed  on  the  inactive  list  at  the  request  of  the 
manufacturer  or  if  they  have  not  been  manufactured  during  any 
calendar  year.  , 

Additions  to  the  active  and  inactive  list  of  permissible  explosives 
will  be  published  in  future  issues  of  the  Monthly  Statement  of  Coal- 
Mine  Fatalities  in  the  United  States,  which  contains  also  lists  of 
miners'  electric  lamps  and  other  devices  approved  by  the  Bureau  of 
Mines.  A  complete  list  of  permissible  explosives  with  pertinent  data 
and  full  descriptive  text  will  be  published  as  an  appendix  to  the  same 
publication  at  reasonable  intervals  of  from  6  to  12  months. 

1  Hall,  Clarence,  Permissible  explosives  tested  prior  to  Jan.  1, 1912,  and  precautions  to  be  taken  in  their 
use:  Miner's  Circular  6,  Bureau  of  Mines,  1912,  20  pp.:  Fees  for  testing  explosives:  Schedule  1-A,  Bureau  of 
Mines,  1920;  Hall,  Clarence,  Snelling,  W.  O.,  and  Howell,  S.  P.,  Investigations  of  explosives  used  in  coal 
mines:  Bull.  15,  Bureau  of  Mines,  1911,  191  pp.;  Hall,  Clarence,  and  Howell,  S.  P.,  Tests  of  permissible 
explosives:  Bull.  66,  Bureau  of  Mines,  1913,  313  pp.;  Munroe,  C  E.,  and  Hall,  Clarence,  A  primer  on  explo- 
sives for  coal  miners:  Bull.  17,  Bureau  of  Mines,  1911,  61  pp.;  Rutledge,  J.  J.,  and  Hall,  Clarence,  The  use 
cf  permissible  explosives:  Bull.  10,  Bureau  of  Mines,  1912,  34  pp.;  Storm,  C  G.,  The  analysis  oipermissible 
explosives:  Bull.  96,  Bureau  of  Mines,  1916,  88  pp.;  Rutledge,  J.  J.,  The  use  and  misuse  of  explosives  in 
coal  mining:  Miner's  Circular  7,  Bureau  of  Mines,  1913,  52  pp.;  Howell,  S.  P.,  and  Tiffany,  J.  E.,  Methods 
for  routine  work  in  the  explosives  physical  laboratory  of  the  Bureau  of  Mines:  Tech.  Paper  180,  Bureau  of 
Mines,  1918,  63  pp. 
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There  were  148  explosives  on  the  permissible  Iis1  on  January  31, 
1021. '  During  the  succeeding  l  months  <'>  explosives  were  added 
to  t he  list.  The  present  list  takes  the  place  of  all  preceding  lists  and 
includes  a  total  of  154  explosivi 

DEFINITION   OF  A   PERMlssi  iw.i:    EXPLOSIVE. 

A  permissible  explosive  is  an  explosive  which  is  similar  in  all 
respects  to  the  sample  which  has  passed  certain  tests  prescribed  by 
the  Bureau  of  Mines  to  determine  its  safety  for  use  in  gaseous  and 
dusty  coal  mines,  when  used  in  accordance  with  the  conditions  pre- 
scribed by  the  Bureau. 

While  permissible  explosives  are  designed  especially  for  use  in 
gaseous  and  dusty  coal  mines,  they  are  suitable  for  use  in  other  coal 
mines  and  for  many  other  blasting  operations. 

PRESCRIBED    CONDITIONS    FOR    USE    OF    PERMISSIBLE    EXPLOSIVKS. 

1.  That  the  explosive  is  in  all  respects  similar  to  the  sample  sub- 
mitted by  the  manufacturer  for  test. 

2.  That  detonators — preferably  electric  detonators — are  used  of 
not  less  efficiency  than  those  prescribed,  namely,  those  consisting  by 
weight  of  90  parts  of  mercury  fulminate  and  10  parts  of  potassium 
chlorate  (or  their  equivalents). 

3.  That  the  explosive,  if  frozen,  shall  be  thoroughly  thawed  in  a 
safe  and  suitable  manner  before  use. 

4.  That  the  quantity  used  for  a  shot  does  not  exceed  H  pounds 
(680  grams),  and  that  it  is  properly  tamped  with  clay  or  other  non- 
combustible  stemming. 

After  an  explosive  has  passed  the  required  tests  and  its  brand 
name  has  been  published  in  a  list  of  permissible  explosives,  it  is  not  a 
permissible  explosive  if  one  or  more  of  any  of  the  following  condi- 
tions prevail: 

1.  If  kept  in  a  moist  place  until  it  undergoes  a  change  in  character. 

2.  If  used  in  a  frozen  or  partly  frozen  condition. 

3.  If  used  in  excess  of  1^  pounds  (680  grams)  per  shot. 

4.  If  the  diameter  of  the  cartridge  is  less  than  that  designated  in 
the  column  ''smallest  permissible  diameter." 

5.  If  fired  with  a  detonator  or  electric  detonator  of  less  efficiency 
than  that  prescribed. 

6.  If  fired  without  stemming. 

7.  If  fired  with  combustible  stemming. 

8.  If  fired  in  the  presence  of  a  dangerous  percentage  of  firedamp. 

i  W.  W.  Adams,  Coal-mine  fatalities  in  the  United  States,  1920:  Tech.  Paper  2S8,  Bureau  of  Mines,  1921, 
112  pp. 
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Moreover,  even  when  all  of  the  prescribed  conditions  have  been 
met,  no  explosive  on  the  permissible  list  should  necessarily  be  con- 
sidered as  being  pennant  nth/  a  permissible  explosive,  for  the  bureau 
reserves  the  right,  on  fuller  information  concerning  the  conditions 
that  lead  to  safety,  to  revise  this  list;  but  any  permissible  explosive 
when  used  under  the  prescribed  conditions  may  properly  continue  to 
be  considered  a  permissible  explosive  until  notice  of  its  withdrawal 
or  removal  from  the  list  has  been  officially  published,  or  until  its 
name  is  omitted  from  a  later  list  published  by  the  Bureau  of  Mines. 

After  further  experiments  and  conferences  the  Bureau  of  Mines 
may  find  it  advisable  to  adopt  additional  and  more  severe  tests  to 
which  all  permissible  explosives  may  be  subjected,  in  the  hope  that 
through  the  use  of  such  explosives  only  as  pass  the  more  severe  tests 
the  lives  of  miners  may  be  better  safeguarded. 

LIST    OF    PERMISSIBLE    EXPLOSIVES. 

Subject  to  the  conditions  and  provisions  stated  herein,  the  follow- 
ing explosives  are  classed  as  permissible  explosives: 
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(LASSES    OF   PERMISSIBLE   EXPLOSIVES. 

In  order  that  the  user  of  explosives  may  be  able  the  better  to  select 
an  explosive  to  meet  a  specific  requirement  the  Bureau  of  Mines  now 
classifies  permissible  explosives  in  two  ways,  as  follows:  (1)  On  the 
basis  of  the  volume  of  poisonous  gases  produced  by  1£  pounds  (680 
grams)  of  the  explosive,  and  (2)  on  the  basis  of  the  characteristic 
ingredient  of  each  explosive. 

VOLUME    OF   POISONOUS   GASES. 

Most  of  the  permissible  explosives  even  when  properly  and  com- 
pletely detonated  in  a  drill  hole  in  a  coal  mine  produce  poisonous 
gases,  but  they  produce  at  the  same  time  a  much  larger  volume  of 
nonpoisonous  gases.  In  order  that  the  poisonous  gases  may  not 
under  normal  conditions  become  a  menace  to  the  lives  or  health  of 
miners  no  explosive  is  now  or  can  become  permissible  if  it  evolves 
upon  detonation  more  than  158  liters  (5£  cubic  feet)  of  permanent 
poisonous  gases,  as  determined  by  test  in  the  Bichel  pressure  gage. 
Field  tests  of  an  explosive  made  under  extreme  conditions  for  the 
production  of  the  greatest  percentage  of  poisonous  gases  in  the  air 
show  that  in  a  narrow  entry,  with  no  ventilation  at  or  near  the  face, 
a  H-pound  charge  of  an  explosive,  which  gave  158  liters  of  poisonous 
gas  in  gage  tests,  produced  0.18  per  cent  of  carbon  monoxide  (the 
only  poisonous  gas  present)  in  the  air  when  the  sample  was  taken 
two  minutes  after  the  shot.  Another  sample  of  the  air  taken  two 
minutes  later  contained  0.08  per  cent  of  carbon  monoxide.  It  is 
therefore  evident  that  where  ventilation  is  not  active,  as  in  a  closed 
heading,  miners  or  shot  firers  should  not  return  to  the  face  until  at 
least  five  minutes  after  a  shot.  At  all  working  faces  that  are  difficult 
to  ventilate  explosives  of  class  A  or  class  B  should  be  used,  preferably 
those  of  class  A. 

The  classification  on  the  basis  of  the  volume  of  poisonous  gases 
produced  by  1^  pounds  (680  grams)  of  the  explosive  is  as  follows: 

Class  A,  those  explosives  from  which  the  volume  of  poisonous 
gases  produced  is  not  more  than  53  liters. 

Class  B,  those  explosives  from  which  the  volume  of  poisonous 
gases  is  more  than  53  liters  but  less  than  106  liters,  inclusive. 

Class  C,  those  explosives  in  which  the  volume  of  poisonous  gases 
is  more  than  106  liters  but  less  than  158  liters,  inclusive. 

CHARACTERISTIC   INGREDIENTS. 

Explosives  are  classified  in  accordance  with  their  characteristic 
ingredient  as  follows: 

Class  1,  ammonium  nitrate  explosives. — To  class  1  belong  all  the 
explosives  in  which  the  characteristic  ingredient  is  ammonium  nitrate. 
This  class  is  divided  into  two  subclasses.  Subclass  A  includes  every 
ammonium  nitrate  explosive  that  contains  a  sensitizer  that  is  in  itself 
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an  explosive.  Subclass  B  includes  every  ammonium  nitrate  explo- 
sive that  contains  a  sensitizer  thai  is  not  in  itself  an  explosive.  The 
ammonium  nitrate  explosives  of  subclass  A  consist  principally  of 
ammonium  nitrate  with  small  percentages  of  nitroglycerin,  nitro- 
cellulose, oi-  nitrosubstitution  compounds  which  are  used  ae  sensi- 
tizers. The  ammonium  nitrate  explosives  of  subclass  l'>  consist  prin- 
cipally of  ammonium  nitrate  with  small  percentages  of  resinous  matter 
or  other  nonexplosive  substances  used  as  sensitizers. 

Ammonium  nitrate  explosives,  when  fresh  and  properly  detonated, 
are  well  adapted  for  use  in  mines  that  are  not  unusually  wet.  They 
are  not  suitable  for  use  in  wet  mines,  for  if  the  contents  of  a  cartridge 
of  ammonium  nitrate  explosive  is  exposed  for  only  a  few  hours  to  t la- 
damp  atmosphere  the  explosive  may  so  'deteriorate  as  to  fail  to 
detonate  completely,  because  ammonium  nitrate  takes  up  moisture 
readily.  The  redipping  of  cartridges  of  ammonium  nitrate  explosives 
aids  in  protecting  the  contents  against  moisture,  or  moist  air,  and  the 
cartridges  should  be  so  stored  and  handled  as  to  preserve  the  efficacy 
of  the  paraffin-like  coating.  The  explosives  should  be  obtained  in  a 
fresh  condition  and  purchased  in  such  quantities  as  will  permit  their 
prompt  use.  Experience  at  the  Pittsburgh  experiment  station  of 
the  bureau  shows  that  ammonium  nitrate  explosives  will  usually 
detonate  completely  after  storage  for  six  months  in  a  well-ventilated 
magazine. 

Class  2,  hydrated  explosives. — To  class  2  belong  all  explosives  in 
which  salts  containing  water  of  crystallization  are  the  characteristic 
ingredients.  The  explosives  of  this  class  are  somewhat  similar  in 
composition  to  the  ordinary  low-grade  dynamites,  except  that  one  or 
more  salts  containing  water  of  crystallization  are  added  to  reduce  the 
flame  temperature.  They  are  easily  detonated,  and  most  of  them 
can  be  used  successfully  in  damp  working  places. 

Class  3,  organic  nitrate  explosives. — To  class  3  belong  all  the  explo- 
sives in  which  the  characteristic  ingredient  is  an  organic  nitrate  other 
than  nitroglycerin.  The  permissible  explosives  now  listed  under 
class  3  are  nitrostarch  explosives. 

Class  4,  nitroglycerin  explosives. — To  class  4  belong  all  the  explo- 
sives in  which  the  characteristic  ingredient  is  nitroglycerin.  These 
explosives  contain  free  water  or  an  excess  of  carbon,  which  is  added 
to  reduce  the  flame  temperature.  A  few  explosives  of  this  class 
contain  salts,  or  an  unusually  low  percentage  of  nitroglycerin,  that 
reduce  the  strength  and  shattering  effect  of  the  explosives  on  deto- 
nation. The  nitroglycerin  explosives  have  the  advantages  of  deto- 
nating easily  and  of  not  being  readily  affected  by  moisture. 

Class  5,  ammonium  perchlorate  explosives. — To  class  5  belong  all 
explosives  in  which  the  characteristic  ingredient  is  ammonium  per- 
chlorate.    This  is  a  new  classification  by  the  bureau. 
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WEIGHT   OF    1|    BY   8   INCH    CARTRIDGE. 

The  size  in  which  cartridges  of  permissible  explosives  are  usually 
sold  is  1^  by  S  inches,  and  from  the  weight  of  a  cartridge  of  this  size 
as  given  in  the  table  the  number  of  cartridges  required  to  make  the 
6S0  grams  (H  pounds)  maximum  permissible  quantity  of  explosive 
in  a  shot  may  be  readily  determined.  To  illustrate,  the  first  explosive 
on  the  accompanying  list  (Aetna  coal  powder  A),  like  all  the  other 
explosives  on  the  list,  is  permissible  only  when  fired  in  charges  not 
exceeding  680  grams  (H  pounds).  The  maximum  permissible 
weight  shot  (680  grams),  divided  by  the  weight  of  one  1\  by  8 
inch  cartridge  (184  grams  of  Aetna  coal  powder  A),  gives  the  maxi- 
mum permissible  number  .of  cartridges  of  this  size  that  may  be  used, 
3f  (or  3.69)  cartridges. 

SMALLEST    PERMISSIBLE    DLVMETER. 

In  order  that  the  user  may  know  readily  the  smallest  diameter 
in  which  a  given  explosive  is  permissible,  this  information  is  given 
in  the  table.  Should  a  manufacturer  desire  that  an  explosive  be 
approved  as  permissible  in  a  smaller  diameter  than  that  in  which 
it  is  now  permissible,  he  should  make  application  for  the  necessary 
tests. 

UNIT    DEFLECTIVE    CHARGE. 

The  unit  deflective  charge  is  that  weight  of  an  explosive  in  grams 
which  gives  the  same  swing  on  the  ballistic  pendulum  as  227  grams 
(h  pound)  of  Pittsburgh  Testing  Station  Standard  40  per  cent  straight 
nitroglycerin  dynamite. 

The  bureau  requires  that  this  unit  deflective  charge  shall  not  exceed 
454  grams  (1  pound),  as  tests  have  shown  that  explosives  whose 
unit  deflective  charge  exceeds  454  grams  (1  pound)  require  more  than 
680  grams  ( 1 £  pounds) ,  in  a  single  charge  to  satisfactorily  blast  down 
coal  and  when  so  used  are  not  permissible. 

Many  observers  have  expressed  the  opinion  that  the  "  coal-getting" 
strength  of  permissible  explosives  is  represented  better  by  the  results 
of  this  test  than  by  the  results  of  any  other  single  test  yet  devised. 
The  reader  should  note  that  the  results  do  not  take  into  consideration 
whether  the  coal  when  shot  down  is  fine  or  coarse. 

In  comparing  the  percentage  strength  of  one  explosive  with  that 
of  another  explosive  a  fine  distinction  should  not  be  drawn,  for  it 
must  be  remembered  that  tolerance  limits  have  been  established  for 
the  results  with  the  ballistic  pendulum,  as  given  on  page  41,  and 
these  limits  are  designed  to  cover  all  reasonable  variations  of  manu- 
facture, sampling,  and  chemical  and  physical  determinations  made. 
This  principle  applies  to  all  the  items  of  the  chemical  analysis  as 
well  as  to  the  items  of  the  physical  tests. 
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BATE   <>i'    DETON  LTXON. 

The  table  shows  in  feel  per  second  and  meters  per  second  the  rela- 
tive velocity  of  detonation  Of  each  explosive.      The  adapt  ahiht  v  of  ,-i 

permissible  explosive  to  a  particular  coal-mining  condition  depends 

greatly  on  its  rate  of  detonation.  For  certain  work  in  which  a 
shattering  effect  is  desired,  as  in  driving  through  or  ''brushing'1 
rock,  or  in  producing  coal  for  coke  making,  the  explosive  reaction 
should  be  rapid,  and  for  such  work  permissible  explosives  having  a 
high  rate  of  detonation  should  be  selected.  Similarly .  lor  shooting 
down  a  soft,  friable  coal  to  produce  lump  or  steam  coal,  a  permissible 
explosive  should  be  selected  that  detonates  slowly  and  hence  gives 
a  more  prolonged  pressure.  In  medium  hard  coal  an  explosive 
having  an  intermediate  rate  of  detonation  may  be  expected  to  be 
most  suitable. 

Although  these  relations  usually  hold,  they  do  not  always,  because 
coals  differ  in  hardness  and  coal  beds  differ  in  the  number  and  posi- 
tion of  the  joints,  partings,  and  shale  bands.  Such  facts  have  to 
be  considered  in  selecting  an  explosive  for  mining  coal. 

An  explosive  having  a  very  low  rate  of  detonation  is  not  always 
the  best  for  mining  a  friable  coal  much  fractured,  because  some  of 
its  energy  may  be  lost  by  its  gases  escaping  through  the  fractures. 
Under  such  conditions  an  explosive  having  an  intermediate  rate  pro- 
duces the  most  economical  results. 

TOLERANCES    FOR    PERMISSIBLE    EXPLOSIVES. 

The  tolerances  promulgated  by  the  Bureau  of  Mines  provide  for 
reasonable  limits  of  variation  in  the  results  of  analyses  and  tests  of 
field  samples  and  manufacturers'  samples  of  permissible  explosives. 
These  tolerances  as  now  existing  and  as  stated  below  are  quoted, 
except  as  amended  November  15,  1920,  and  February  26,  1921,  from 
Bulletin  96,  in  which  they  were  first  published  after  having  been 
established  and  made  effective  July  1,  1915. 

In  order  to  define  more  exactly  what  is  meant  by  the  phrase 
" similar  in  all  respects"  in  the  definition  of  a  permissible  explosive — 
namely,  ''A  permissible  explosive  is  an  explosive  which  is  similar  in 
all  respects  to  the  sample  which  has  passed  certain  tests  prescribed 
by  the  Bureau  of  Mines  to  determine  its  safety  for  use  in  gaseous  and 
dusty  coal  mines,  and  when  used  in  accordance  with  the  conditions 
prescribed  by  the  bureau" — the  following  tolerances  are  established 
for  field  samples  or  manufacturers'  samples  of  explosives,  beyond 
which  such  lot  of  explosives  can  not  vary  and  still  be  considered 
permissible  for  use  in  coal  mines. 

Chemical  analysis. — Moisture,  to  be  fixed  by  a  sliding  scale  from 
1£  per  cent  at  zero  to  4  per  cent  at  10  per  cent  of  moisture  in  original 
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sample,  tliis  tolerance  being  on  total  percentage  of  moisture  in  the 
explosive. 

Other  ingredients  (or  their  equivalents)  in  quantities  not  exceeding 
60  per  cent,  according  to  curve  shown  in  figure  1,  except  that  the 
chemical  tolerance  for  carbonaceous  combustible  material  is  changed 
to  plus  or  minus  3  per  cent  regardless  of  the  amount  of  carbonaceous 
combustible  material  reported  as  present.  For  ingredients  in  quan- 
tities of  60  per  cent  or  more,  the  tolerance  shall  be  plus  or  minus  3  per 
cent:  Provided,  That  the  ingredients  of  a  permissible  explosive  shall 
be  considered  to  be  those  substances  reported  as  found  by  the  Bureau 
of  Mines  in  the  original  sample  of  that  explosive  submitted  for  test  as 
to  its  permissibility:  And  provided  further,  That  an  equivalent  shall 
be  considered  to  be  a  substance  which  would  not  materially  alter  the 
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Figuee  4. — Curve  of  limit  variation  in  composition  of  permissible  explosives. 

properties  of  the  explosive  and  which  would  produce  the  same  result 
as  the  original  substance. 

For  the  purpose  of  applying  the  chemical  tolerance  for  explosives 
containing  ammonium  nitrate,  the  commercial  ammonium  nitrate 
will  be  reported  as  the  sum  of  the  ammonium  nitrate,  the  ammonium 
chloride  and  ammonium  sulphate  reported  as  present,  and  the  toler- 
ance applied  to  this  figure.  The  sum  of  the  ammonium  chloride  and 
the  ammonium  sulphate  will  be  reported  separately  in  a  note  and  the 
tolerance  applied  to  their  sum  will  be  4  per  cent  of  the  commercial 
ammonium  nitrate  reported  as  present  in  the  basic  sample,  except  in 
those  cases  where  the  tolerance  thus  applied  would  be  less  than  for  a 
separate  ingredient,  when  the  tolerances  for  " other  ingredients" 
would  apply. 

Products  of  combustion  {determined  by  Bichel  gage  tests). — The 
volume  of  poisonous  gases  from  680  grams  of  the  explosive,  including 
its  wrapper,  must  be  less  than  158  liters,  except  that  in  case  the 
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first  test  yields  158  liters  or  more  poisonous  gases  per  680  grama  of 
the  explosive,  including  its  wrapper,  the  average  result  of  three  U 
agreeing  within  5  per  cenl   of  each  other  shall  1><'  taken,  and  no 

explosive  shall  remain  permissible  when  this  avemgc  for  poisonous 
gases  exceeds  the  above  standard  Limits. 
Physical  teste.6— Id  making  rate  of  detonation  an<!  unit  deflective 

charge  by  the  ballistic  pendulum,  the  tests  stop  after  obtaining 
three  results  within  .">  per  cent,  or  a  total  of  six  results.  All  the 
results  within  K)  per  cent  will  be  averaged.  If  there  are  two  or  more 
groups  in  which  the  results  are  within  10  per  cent  of  each  other,  then 
nil  the  results  which  are  within  any  group  will  be  averaged. 
The  tolerances  applied  using  the  above  rules  are: 

Rate  of  detonation  (the  average  of  3  to  <i  trials  within  10  per  cenl  with  Mettegang 
Recorder)  pais  orftninus  15  per  cent. 

Unit  deflective  charge  determined  by  the  ballistic  pendulum  as  compared  with  the 
Pittsburgh  Testing  station  standard  '-10  per  cent  straight  nitroglycerin  dynamite 
(the  average  of  3  to  6  trials  within  10  per  cent  with  the  ballistic  pendulum  i,  plus  or 
minus  10  per  cent. 

Grams  of  wrapper  per  100  grams  of  explosive,  plus  or  minus  2.0  grams  (average  of 
four  determinations) :  Provided.  That  the  manufacturers  shall  submit  samples  of  all 
different  sizes  of  cartridges,  to  be  considered  as  part  of  the  original  sample,  the  amount 
of  wrapper  to  be  determined  for  each  size  of  sample:  And  provided  further,  That  the 
tolerances  as  suggested  shall  be  determined  in  comparison  with  the  various  diameters 
of  samples  as  submitted  with  the  original  sample. 

Apparent  specific  gravity  of  cartridge,  by  sand,  plus  or  minus  7.5  per  cent  (average 
of  four  determinationsi:  Provided,  That  actual  density  shall  be  determined  on  car- 
tridges of  the  same  diameter  as  the  standard:  And  provided  further,  That  manufacturers 
shall  be  required  to  submit  samples  of  all  sizes. 

lias  and  dust  gallery  No.  1. — No  ignition  must  be  obtained  in  each  of  one  or  more 
trials.  Note:  In  the  retesting  of  permissible  explosives  by  tests  1  and  4,  the  charges 
of  the  explosives  fired  will  be  reduced  10  per  cent  in  weight  "from  the  weights  originally 
used  in  order  to  eliminate  any  likelihood  of  a  failure  being  due  to  the  natural  variations 
in  the  gallery  conditions. 

Pendulum  friction  test. — Each  explosive  must  pass  a  test  of  10  trials  under  the 
same  conditions  as  originally  tested,  except  that  the  height  of  fall  of  the  wood-fiber 
shoe  will  be  reduced  by  10  per  cent  in  order  to  eliminate  any  likelihood  of  a  failure 
being  due  to  the  natural  variations  in  test  conditions. 

FIELD   SAMPLES   OF  PERMISSIBLE    EXPLOSIVES. 

The  bureau  will  from  time  to  time  reexamine  permissible  explo- 
sives found  in  commercial  shipments  and  in  the  field  to  determine 
how  closely  they  conform  to  the  samples  upon  which  the  permissi- 
bility tests  were  originally  made,  and  the  manufacturer  will  be 
notified  of  the  results  of  tests  on  all  field  samples.  In  order  that  this 
examination  can  be  properly  made,  the  tolerances  as  given  above  are 
applied  in  the  manner  stated  below,  according  to  the  rules  and  regu- 
lations promulgated  November  15,  1920,  and  February  26,  1921. 
These  methods  of  applying  the  tolerances  supersede  all  previous 
methods. 

5  For  method  of  making  these  tests,  see  Howell,  S.  P.,  and  Tiffany,  J.  E.,  Methods  for  routine  work  in 
the  explosives  physical  laboratory  of  the  Bureau  of  Mines:  Tech.  Paper  1S6,  Bureau  of  Mines,  191S,  63  pp. 
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In  the  event  that  a  field  sample  of  a  permissible  explosive  exceeds 
the  tolerance  for  one  or  more  items,  the  bureau  will  take  the  follow- 
ing action: 

(a)  If  the  explosive  exceeds  the  tolerance  for  any  items  of  the  chemical  analysis, 
for  grams  of  wrapper  per  100  grams  of  explosive,  for  apparent  specific  gravity,  for 
rate  of  detonation,  or  for  unit  deflective  charge,  the  manufacturer  only  will  be  advised 
of  the-  results,  except  that ,  should  these  results  in  the  opinion  of  the  explosives  engineer 
indicate  that  the  explosive  is  unsafe  for  use,  then  the  operator  or  owner  will  be  imme- 
diately warned,  and  further  tests  promptly  inaugurated. 

(6)  If  the  explosive  exceeds  the  tolerance  for  gallery  tests,  pendulum  friction  test, 
or  poisonous  gases,  the  bureau  will  declare  that  particular  lot  of  explosive  not  per- 
missible, and  a  copy  of  the  notification  to  the  consumer  or  owner  will  be  furnished 
the  manufacturer,  the  notification  to  state  that  the  explosive  did  not  meet  the  require- 
ment for  gallery  tests,  pendulum  friction  test,  or  poisonous  gases,  as  the  case  may  be. 

The  term  "Lot  of  permissible  explosives"  as  used  in  the  tolerances 
promulgated  by  the  director,  is  defined  as  "all  of  that  explosive  in 
the  magazine  from  which  the  sample  is  procured,  bearing  identical 
ruse  markings." 

When  a  given  lot  of  explosive  is  declared  not  permissible  and  the 
owner  and  the  manufacturer  notified,  the  bureau  does  not  attempt 
to  fix  responsibilities  between  owner  and  manufacturer. 

The  usual  causes  of  an  explosive  exceeding  the  tolerances  for 
chemical  analysis  or  physical  tests  are  two:  (1)  It  may  not  have  been 
properly  manufactured;  (2)  it  may  not  have  been  properly  stored. 
The  manufacturer  is  responsible  for  (1)  because  the  consumer  has  no 
control  over  the  method  of  manufacture  of  the  explosive,  but  the 
consumer  or  owner  is  responsible  for  (2)  because  the  manufacturer 
has  no  control  over  the  conditions  of  storage  when  the  explosive  has 
once  passed  from  his  ownership. 

The  manufacturer  should  exercise  due  care  that  the  quality  of  the 
raw  materials,  and  the  weighing  and  incorporating  of  them,  is  similar 
in  all  respects  to  that  for  the  original  sample  of  explosives  submitted 
for  tests;  and  that  the  explosive  is  fresh  and  in  first-class  condition 
when  sold.  The  user  should  store  explosives  in  well-ventilated 
magazines,  at  temperatures  not  exceeding  90°  F.  The  boxes  should 
be  placed  so  that  the  cartridges  lie  horizontally,  though  the  tops  of 
the  boxes  may  be  up  or  down.  The  explosives  purchased  first  should 
be  used  first,  and  hence  older  explosives  should  not  be  stored  under 
or  behind  a  fresh  consignment.  It  is  well  to  purchase  explosives  in 
such  quantities  that  they  can  be  used  promptly. 

PUBLICATIONS  ON  INVESTIGATIONS  OF  EXPLOSIVES. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  has  been  printed  and  is  available  for  free  distribution  until  the 
edition  is  exhausted.  Requests  for  all  publications  can  not  be  granted, 
and  to  insure  equitable  distribution  applicants  are  requested  to  limit 
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(heir  selection  to  publications  thai  may  be  of  especial  interest  t<> 
them.  Requests  for  publications  should  be  addressed  to  the  Direc- 
tor, Bureau  of  Mines. 

The  Bureau  of  Mines  issues  a  list  showing  all  its  publications  avail- 
able for  free  distribution  as  well  as  those  obtainable  onrj  from  the 
Superintendent  of  Documents,  Government  Printing  Office,  <>n 
paymenl  of  the  price  of  printing,  [nterested  persons  should  apply 
to  the  Director,  Bureau  of  Mines,  for  a  copy  of  the  latest  list. 

PUBLICATIONS  AVAILABLE   FOB   FBEE   DISTRIBUTION. 

Bulletin  17.  A  primer  on  explosives  for  coal  miners,  by  C.  E.  Munroe  and  Clarence 
Hall.     1911.     (it  pp.,  10  pis.,  12  figs. 

Bulletin  48.  Theseleotion  of  explosives  used  in  engineering  and  mining  operations, 
by  Clarence  Hall  and  S.  P.  Howell.     1914.     50  pp.,  3  pis.,  7  fj 

Bulletin  59.  Investigations  of  detonators  and  electric  detonators,  by  Clarence 
Hall  and  S.  P.  Howell.     1913.     73  pp..  7  pis.,  5  figs. 

Bulletin  80.  A  primer  on  explosives  for  metal  miners  and  quarrymen,  by  C.  E. 
Munroe  and  Clarence  Hall.     1915.     125  pp.,  51  pis..  17  figs. 

Bulletin  96.  The  analysis  of  permissible  explosives,  by  C.  G.  Storm.  1916. 
88  pp.,  3  pis.,  7  figs. 

Bulletin  137.  The  use  of  permissible  explosives  in  the  coal  mines  of  Illinois,  by 
J.  R.  Fleming  and  J.  W.  Koster.     1917.     106  pp. 

Bulletin  196.  Coal-mine  fatalities  in  the  United  States,  1919,  and  coal-mine 
statistics  supplementing  those  published  in  Bulletin  115,  with  list  of  permissible 
explosives,  lamps,  and  motors  tested  prior  to  Jan.  31, 1920,  by  A.  H.  Fay.  1920.  86  pp. 

Technical  Paper  7.  Investigations  of  fuse  and  miners'  squibs,  by  Clarence  Hall 
and  S.  P.  Howell.     1912.     19  pp. 

Technical  Paper  12.  The  behavior  of  nitroglycerin  when  heated,  by  W.  O.  Snell- 
ing  and  C.  G.  Storm.     1912.     14  pp.,  1  pi..  2  figs. 

Technical  Paper  17.  The  effect  of  stemming  on  the  efficiency  of  explosives,  by 
W.  O.  Snelling  and  Clarence  Hall.     1912.     20  pp.,  11  figs. 

Technical  Paper  78.  Specific  gravity  separation  applied  to  the  analysis  of  mining 
explosives,  by  C.  G.  Storm  and  A.  L.  Hyde.     1914.     14  pp. 

Technical  Paper  89.  Coal-tar  products  and  the  possibility  of  increasing  their 
manufacture  in  the  United  States,  by  H.  C.  Porter,  with  a  chapter  on  coal-tar  products 
used  in  explosives,  by  C.  G.  Storm.     1915.     21  pp. 

Technical  Paper  125.  The  sand  test  for  determining  the  strength  of  detonators, 
by  C.  G.  Storm  and  W.  C.  Cope.     1916.     68  pp.,  2  pis.,  5  figs. 

Technical  Paper  145.  Sensitiveness  to  detonation  of  trinitrotoluene  and  tetrani- 
tromenthylanilin,  by  G.  B.  Taylor  and  W.  C.  Cope.     1916.     11pp. 

Technical  Paper  160.  The  determination  of  nitrogen  in  substances  used  in  explo- 
sives, by  W.  C.  Cope  and  G.  B.  Taylor.     1917.    46  pp.,  1  pi.,  4  figs. 

Technical  Paper  162.  Initial  priming  substances  for  high  explosives,  by  G.  B. 
Taylor  and  W.  C.  Cope.     1917.     32  pp. 

Technical  Paper  186.  Methods  of  routine  work  in  the  explosives  physical 
laboratory  of  the  Bureau  of  Mines,  by  S.  P.  Howell  and  J.  E.  Tiffany.    1918.     63  pp. 

Technical  Paper  210.  An  analytical  method  for  detecting  blown-out  shots  in  coal 
mines,  by  G.  F.  Hutchinson  and  J.  Barab.     1919.     22  pp. 

Technical  Paper  234.  Sensitiveness  of  explosives  to  frictional  impact,  by  S.  P. 
Howell.    1919.     17  pp.,  2  pis.,  1  fig. 
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Technical  Paper  243.  Development  of  liquid  oxygen  explosives  during  the  war, 
by  G.  S.  Rice.     1920.     46  pp.,  2  pis..  6  figs. 

Technical  Paper  259.  Production  of  explosives  in  the  United  States  during  the 
calendar  year  1919,  with  notes  on  coal-mine  accidents  due  to  explosives  and  a  list  of 
permissible  explosives  tested  to  Mar.  31,  1920,  by  W.  W.  Adams.     1920.     33  pp. 

Miners'  Circular  7.  Use  and  misuse  of  explosives  in  coal  mining,  by  J.  J.  Rut- 
ledge,  with  a  preface  by  J.  A.  Holmes.     1913.     52  pp.,  8  figs. 

Miners'  Circular  19.  The  prevention  of  accidents  from  explosives  in  meteal  min- 
ing, by  Edwin  Higgins.     1914.     16  pp.,  11  figs. 

PUBLICATIONS  THAT  MAY  BE  OBTAINED  THROUGH  THE  SUPERINTENDENT 
OF    PUBLIC    DOCUMENTS. 

Bulletin  10.  The  use  of  permissible  explosives,  by  J.  J.  Rutledge  and  Clarence 
Hall.     1912.     34  pp.,  5  pis.,  4  figs.     10  cents. 

Bulletin  15.  Investigations  of  explosives  used  in  coal  mines,  by  Clarence  Hall, 
W.  O.  Snelling,  and  S.  P.  Howell,  with  a  chapter  on  the  natural  gas  used  at  Pitts- 
burgh, by  G.  A.  Burrell,  and  an  introduction  by  C  E.  Munroe.  1911.  197  pp., 
7  pis.,  5  figs.     25  cents. 

Bulletin:  51.  The  analysis  of  black  powder  and  dynamite,  by  W.  O.  Snelling  and 
C.  G.  Storm.     1913.     80  pp.,  5  pis.,  5  figs.     10  cents. 

Bulletin  66.  Tests  of  permissible  explosives,  by  Clarence  Hall  and  S.  P.  Howell. 
1913.     313  pp.,  1  pi.,  6  figs.     25  cents. 

Technical  Paper  18.  Magazines  and  thaw  houses  for  explosives,  by  Clarence  Hall 
and  S.  P.  Howell.     1912.     34  pp.,  1  pi.,  5  figs.    10  cents. 

Technical  Paper  69.  Production  of  explosives  in  the  United  States  during  the 
calendar  year  1912,  compiled  by  A.  H.  Fay.     1914.     8  pp.     5  cents. 

Technical  Paper  146.  The  nitration  of  toluene,  by  E.  J.  Hoffman.  1916.  32  pp. 
5  cents. 

Technical  Paper  159.  Production  of  explosives  in  the  United  States  during  the 
calendar  year  1915,  with  notes  on  coal-mine  accidents  due  to  explosives,  and  a  list 
of  permissible  explosives,  lamps,  and  motors  tested  prior  to  June  1, 1916,  compiled 
by  A.  H.  Fay.     1916.     24  pp.     5  cents. 

Technical  Paper  169.  Permissible  explosives  tested  prior  to  Jan.  1,  1917,  by  S.  P. 
Howell.     1917.     19  pp.    5  cents. 

Technical  Paper  175.  Production  of  explosives  in  the  United  States  during  the 
calendar  year  1916,    by  A.  H.  Fay.    1917.    24  pp.    5  cents. 

Technical  Paper  192.  Production  of  explosives  in  the  United  States  during  the 
calendar  year  1917,  with  notes  on  coal-mine  accidents  due  to  explosives  and  list  of 
permissible  explosives  tested  prior  to  Apr.  30,  1918,  by  A.  H.  Fay.     1918.     5  cents. 

Technical  Paper  231.  Production  of  explosives  in  the  United  States  during  the 
calendar  year  1918,  by  A.  H.  Fay.     1919.    21pp.     5  cents. 
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